Mutants of African cassava mosaic virus containing extensive deletions across the coat protein gene that remove up to one-third of the genomic component have been constructed and shown to be infectious when mechanically inoculated onto Nicotiana benthamiana by leaf abrasion. Using N. tabacum protoplasts we demonstrate that mutant pCLV. CPA 11, containing a 712 bp deletion, is competent for replication in its deleted form. However, systemic spread of pCLV. CPA 11 and other deletion mutants is associated with reversion of DNA 1 to a size comparable to that of the native genomic component. This contrasts with the behaviour of coat protein mutants of the closely related geminivirus tomato golden mosaic virus which maintain their deletions during spread. Appraisal of the different inoculation procedures used to introduce the mutants into plants suggests the imposition of a stringent size requirement for localized cell-to-cell spread which is relaxed for long distance spread through the vascular system.
INTRODUCTION
African cassava mosaic virus (ACMV; synonym, cassava latent virus) is typical of the whitefly-transmitted geminiviruses having a genome comprising two circular ssDNA components (DNAs 1 and 2). Cloned copies of the genomic components are infectious when mechanically inoculated together onto Nicotiana benthamiana as linear dsDNA excised from the cloning vector; individually the components are not infectious (Stanley, 1983) . However, DNA 1 has the capacity for self-replication in actively dividing N. plumbaginifolia protoplasts, demonstrating that it supplies all the necessary virus-encoded replicative functions . As a consequence, DNA 2 has been implicated in virus spread. DNA 1 also encodes the coat protein, which has been mapped to the virion-sense DNA 1 30.2K open reading frame (ORF) (Stanley & Gay, 1983; Townsend et al., 1985) . A mutant of ACMV generated in vitro, defective in coat protein synthesis owing to a 76 bp deletion within the coat protein gene, retained the ability to spread systemically and elicit symptoms typical of ACMV infection ). On the basis of this observation, coat protein replacement vectors have been constructed for ACMV for the purpose of introducing and expressing genes of interest in plants, under the control of the coat protein promoter (Ward et al., 1988; and subsequently for the closely related geminivirus tomato golden mosaic virus (TGMV; Hayes et al., 1988 a) . Rather surprisingly it was found that extensive deletions across the ACMV coat protein gene rendered the genomic component non-infectious when it was inoculated mechanically onto host plants by leaf abrasion, although infectivity was restored to these latent mutants by the introduction of DNA fragments of a suitable size to replace the deleted sequences. This contrasts with a recent report in which a mutant bearing a substantial deletion across the coat protein gene of TGMV has been shown to be infectious, although symptoms were attenuated, after the introduction of the mutant into N. benthamiana by agroinoculation (Grimsley et al., 1986) . Another TGMV coat protein mutant, 0000-8628 © 1989 SGM l,. ETESSAMI, J. WATTS AND J. STANLEY reported to be non-infectious after inoculation by leaf abrasion (Brough et al., 1988) has since been demonstrated to be infectious by agroinoculation (Hayes et al., 1988b) , again giving attenuated symptoms. In both cases, the deletions were maintained during virus proliferation.
In this paper we demonstrate that mutants of ACMV containing extensive deletions across the coat protein gene can be introduced into N. benthamiana after mechanical inoculation by leaf abrasion and report the novel observation that replication-competent subgenomic mutants revert in size before they spread systemically. The relationship between inoculation route, the ability of the mutants to spread and produce symptoms, and their eventual fate is discussed.
METHODS

Construction of mutants.
The construction of full-length infectious clones of DNA 1 (pJS092) and DNA 2 (pJS094), the introduction of an EcoRV site at the carboxy terminus of the coat protein gene in pJS092 to produce pET009, and the coat protein deletion mutant pCHI001 have been described (Stanley, 1983; Ward et al., 1988) . Nucleotide numbering throughout refers to the sequences of pJS092 and pJS094 inserts irrespective of deletions. To facilitate the description of mutants, the positions of relevant restriction endonuclease sites in relation to the ORFs of DNA l are indicated in Fig. 1 .
Sequences were deleted from the MluI site of pCHI001 with nuclease Bal 31 (Boehringer Mannheim), using the supplier's protocol, and religated after filling in protruding termini using DNA polymerase (Klenow fragment) as described (Maniatis et al., 1982) . The extent of the deletions within the clones was estimated by agarose gel electrophoresis and fully characterized for selected clones pCLV.CPA1 to A4 by sequence analysis using the dideoxynucleotide chain termination procedure of Sanger et aL (1977 Sanger et aL ( , 1980 after subcloning fragments encompassing the point of deletion into MI3 vectors.
The fragment BamHI(291)-BamHI(485) was excised from pJS092 (the cloning vector M13mp8/Mlu does not contain a BamHI site) to produce pCLV.CPA5.
Protruding termini of gel-purified fragment ScaI(941)-2779/1-MluI(734) from pJS092 were filled in, circularized using DNA ligase, digested with SphI and cloned into M13mpl9 to give pCLV.CPA6.
The pJS092 insert was subcloned into the MluI site of pUC8/Mlu [kindly supplied by Dr B. A. M. Morris (DSIR, New Zealand); derived from pUC8 essentially as described for the construction of M 13mp8/Mlu (Stanley, 1983) except that BamHI linkers replaced the EcoRI linkers] to produce pCLV018 (negative orientation). The MluI(734)-2779/1-BamHI(485) fragment (together with the MluI-BamHI fragment of the pUC8/Mlu polylinker sequence) was excised using BamHI and cloned into M13mp8 to give pCL¥ .CPA7.
The fragment ScaI(941)-BclI(1292) was excised from pCLV018 that had been purified from the Escherichia coli Dam-host GM242, and protruding termini of the residual insert were filled in and religated to produce pCLV. CPA 8.
XhoI linkers (CCTCGAGG) were attached to the pJS092 fragments ScaI(941)-2779/1-EcoRV(464) and ScaI(941)-2779/1-BamHI(291) after filling in of protruding termini. Fragments were subsequently circularized using DNA ligase and subcloned into M13mp 19 respectively at the BamHI(291) site to give pCLV. CPA9 and the Sphi(2581) site to give pCLV.CPA 10.
BamHI linkers (CGGATCCG) were attached to the ScaI(941~2779/1-DraI(221) fragment from pJS092 which was cloned directly into Ml3mpl8 to produce pCLV. CPA 11.
HindlII linkers (GCAAGCTTGC) were attached to the EcoRV(l192)-2779/1-DraI(221) fragment from pET009 which was cloned directly into M13mp9 to produce pCLV. CPA 12.
Infectivity studies. DNA inserts were excised from cloning vectors using the appropriate restriction endonuclease and the DNA 1 deletion mutants, together with full-length DNA 2 from pJS094, were mechanically inoculated onto celite-dusted leaves of 2-week-old N. benthamiana seedlings, maintained at 25 °C in an insect-free glasshouse. In all cases, 1 ~tg of each DNA insert in a total of 10 ~tl sterile water was distributed between the two youngest leaves of each test plant. Systemic spread of the viral DNA was monitored by symptom development. In the absence of symptom expression, plants were assayed for viral DNA spread by dot blotting totai nucleic acid extracts from newly expanding leaf material.
Characterization of progeny virus DNA. Total nucleic acids extracted from systemically infected leaves were digested with various restriction endonucleases and nuclease S 1 as described before agarose gel electrophoresis, depurination (Wahl et al., 1979) and blotting onto nitrocellulose (Southern, 1975) . Blots were probed with a gel-purified 'oligolabelled' fragment (Feinberg & Vogelstein, 1983 ) specific to DNA 1 [MluI(734)-Sphi(2581 ]. Virus-specific supercoiled (sc) DNA was isolated from systemically infected leaves ofN. benthamiana as described ) after inoculation using a mixture of pCLV. CPA 11 and pJS094 inserts. Potentially full-length copies of the pCLV. CPA 11 progeny were cloned from the scDNA at the Clai(2403) site into pAT153. Plasmids were screened for DNA 1 inserts either by restriction endonuclease digestion of randomly selected transformants or by colony hybridization using the DNA 1-specific 'oligolabelled' fragment as a probe. (Stanley & Gay, 1983) , relative to the common region (black box) and putative coat protein promoter sequence (black arrow), are indicated. Only DNA 1 sequences are shown; cloning sites and vectors are given in the text. B, BamHI; Bc, BclI; C, ClaI; D, DraI; E, EcoRV; M, MluI; N, NcoI; S, ScaI; Sp, SphI. Selected transformants were characterized by subcloning appropriate fragments into M 13 vectors and sequencing using the dideoxynucleotide chain termination procedure (Sanger et al., 1977 (Sanger et al., , 1980 . Replication inprotoplasts. Leaf mesophyll protoplasts from N. tabacum (cv. Xanthi) were prepared by a two-stage method and inoculated with the ACMV DNA insert of pCLV. CPA 11 by electroporation (Watts et al., 1987) . Protoplasts were cultured at 25 °C in the medium of Nagata & Takebe (1971) . Extraction of DNA was essentially as described .
RESULTS
Construction and infectivity of mutants
The extent of the deletions generated across the coat protein gene by nuclease Bal 31 digestion or by excision of specific fragments by restriction endonuclease digestion are shown in Fig. 1 and detailed in Table 1 , together with infectivity data. Each deletion mutant was assayed for infectivity by mechanical inoculation of the excised clone insert onto newly expanding N. benthamiana leaves in the presence of infectious cloned DNA 2 insert from pJS094. The infectious mutant pCHI001 contains a 76 bp deletion adjacent to the MluI(734) site ; see also Table 1 ). Extension of the deleted sequences by nuclease Bal 31 digestion produced mutants pCLV. CPA 1 to A4; the deleted sequences extend upstream of the 5' terminus of the coat protein ORF to position 338 in pCLV. CPA 3 and downstream to position 1072 in pCLV. CPA4, encompassing the 206bp deletion within pCLV. CPA6. The deletions within pCLV. CPA 1 to A3 extend into the 3' terminus of the 13.1K ORF. The 440 bp deletion within pCLV. CPA7 overlaps that of pCLV. CPA3 and encompasses that of pCLV. CPA5, extending upstream to position 291, which is located just downstream of the coat protein promoter Davies et al., 1987) , removing the entire 13-1K ORF. Mutants pCLV. CPA 11 and pCLV. CPA 12 contain the most extensive deletions, extending from the DraI(221) site located just downstream of the common region (Stanley & Gay, 1983) to the Scai(941) site positioned centrally within the coat protein gene and EcoRV(1192) site at the extreme carboxy terminus, respectively; the deletion in pCLV. CPA 12 serves to remove more than one-third of the genomic component. All of these mutants are infectious although symptoms appeared later in mutant-infected plants than in controls, particularly for pCLV.CPAll and A12, which contain the most extensive deletions. Consequently, plants became less stunted because symptoms were frequently milder, although systemically infected leaves showed both the curling and the chlorosis normally associated with ACMV infection. Least affected were plants infected by mutants containing the smallest deletions (pCLV. CPA 1, A2, A5 and A6) which induced severe symptoms after a delay of only 1 or 2 days. Attempts to infect plants using mutants pCLV. CPA 9 and A10, which contain deletions that are entirely encompassed by those of infectious mutants pCLV. CPA 11 and A12, have been unsuccessful. Mutant pCLV.CPAS, containing a deletion extending downstream of the coat protein gene and into the 3' terminus of the 15.8K ORF, is also not infectious.
Analysis of mutant progeny from plants
The progeny of mutants pCLV. CPA2 to A5, A7, A11 and A12 were examined by Southern blot analysis of total nucleic acid extracts from systemically infected leaf material. In each case it was found that the deletions were not maintained but instead the genomic component reverted to a size comparable to that of native DNA 1 ; examples of blots for mutants pCLV. CPA 3 and A11 are shown in Fig. 2 . Supercoiled DNA 1 derived from plants infected with the full-length DNA 1 insert from pJS092, when linearized using single-cutting restriction endonucleases MluI or ClaI (lanes 3 and 5), comigrates with the pJS092 insert (lane 1). However, linearized scDNA 1 from plants infected with pCLV. CPA3 (Fig. 2a, lanes 4 and 6) does not comigrate with the pCLV. CPA3 insert (lane 2), but appears slightly larger than full-length DNA 1. Similarly, linearized scDNA 1 from plants infected with pCLV. CPA 11 (Fig. 2b , lanes 4 and 6) does not comigrate with the pCLV. CPA 11 insert (lane 2), but in this case appears slightly smaller than full-length DNA 1. Digestion of the scDNA with EcoRI (compare lanes 7 and 8) demonstrates that the size discrepancy in each case resides in the large EcoRI(2732 )-2779 /1-EeoRI(1868 fragment that encompasses the original deletion. Using labelled M13mpl8 to probe blots indicated that the size reversion was not due to insertion of fragments of the original M13 cloning vector which remain within the inocula (data not shown).
To examine the progeny in further detail, scDNA was extracted from leaf material systemically infected with pCLV. CPA 11, purified by CsC1 density gradient centrifugation and Southern blotted after digestion with restriction endonucleases known to have single cleavage sites in full-length DNA 1 (Fig. 3) . The scDNA was linearized with SphI, ClaI and NcoI to produce two closely migrating products (lanes 2 to 4), the larger of which is similar in size to fulllength DNA 1 (lane 6). Digestion with BclI again linearized the smaller of the two scDNAs but produced two fragments from the larger scDNA (lane 5). In Fig. 2(b) , only a single product was observed of a size similar to the smaller of the two products in Fig. 3 ; nucleic acid was extracted from a single plant for the blots in Fig. 2 and from material pooled from several plants for the purpose of scDNA extraction which explains the dissimilar patterns. Presumed full-length copies of the progeny were cloned from ClaI-digested scDNA into pAT153 and transformants were screened for DNA 1 sequences on the basis of restriction endonuclease digestion patterns. Of the 35 randomly chosen transformants, 34 contained full-length DNA 2 inserts cloned at the unique ClaI(1095) site. Only a single transformant (pCLV053) contained DNA 1 sequences. As the genomic components are represented in approximately equal amounts in infected tissue, this bias towards D N A 2 is reminiscent of the inability to clone full-length copies of DNA 1 at the Clai(2403) site (Stanley, 1983) , attributed to the expression of a viral gene product from the plasmid in the bacterial host. However, four additional DNA l-containing transformants (pCLV054 to pCLV057), were identified by colony hybridization. The inserts of pCLV053, pCLV054 and pCLV057 were slightly smaller than those of pCLV055 and pCLV056 as judged by agarose gel electrophoresis and the BgllI and EcoRI digestion patterns of pCLV053, pCLV054 and pCLV057 were similar as were those of pCLV055 and pCLV056 (data not shown), suggesting that clones representative of both ClaI digestion products of the scDNA (Fig. 3) had been isolated. Clones pCLV053, pCLV055 and pCLV056 were selected and their sequences were determined across the original deletion point in the progenitor clone pCLV. CPA 11. The results for pCLV053 show that an additional 105 bp had been deleted across the BamHI site (overall deletion in DNA 1 being from nucleotides 221 to 1049 inclusive) and replaced with a 664 bp fragment (nucleotides 249 to 912) from DNA 2, resulting in a 2613 bp clone insert. In the case of pCLV055, an additional 285 bp had been removed from the BamHI site (overall deletion in DNA 1 being from nucleotides 194 to 1189 inclusive) and the size of the genomic component had been restored by generation of a 958 bp tandem repeat from nucleotides (between 153 to 155~193/1190-(between 2106 to 2108), resulting in a 2741 bp clone insert (the imprecise delimitation of the termini of the repeat is due to a dinucleotide repeat). The additionally deleted sequences from the progenitor clone pCLV. CPA 11 and the structure of pCLV055 are shown in Fig. 4 . The structure of the pCLV056 insert was similar to that of pCLV055, differing only in the deletion of one less nucleotide from the pCLV. CPA 11 insert. In common with the progenitor clone, pCLV053 contains a single BclI site while both pCLV055 and pCLV056 contain a second site due to the repeat sequence. This is consistent with the data of Fig. 3 which show that the larger of the two scDNA species contains a second BclI site. . Southern blot analysis of total nucleic acid extracted from N. tabaeum protoplasts inoculated with DNA 1 from deletion mutant pCLV. CPAI 1. Samples were taken immediately after inoculation (lane 1) and 1, 3, 4, 5 and 6 days post-inoculation (lanes 2 to 6 respectively). Lane 7, scDNA purified from plants infected with DNAs 1 and 2 from pJS092 and pJS094. Size markers (in kbp) were derived from digestion of pJS092 with MluI or a mixture of AccI and HaelI. The blot was hybridized to a probe specific to DNA 1.
The inserts of pCLV053, pCLV055 and pCLV056 are all infectious when co-inoculated with full-length D N A 2 insert from pJS094 onto N. benthamiana (see Table 1 ), producing delayed and attenuated symptoms similar to those of the progenitor mutant pCLV. CPA 11.
Replication in protoplasts
The pCLV. CPA 11 insert was tested for its ability to replicate in N. tabacum protoplasts. The results shown in Fig. 5 demonstrate that by 3 days post-inoculation, by which time the protoplasts had started to divide, de novo viral D N A synthesis had been initiated. The major product was demonstrated to be scDNA by restriction endonuclease digestion (data not shown) and lesser amounts of open circular and linear form are also present. A minor band migrating ahead of the scDNA possibly represents ssDNA; it has previously been noted that this D N A form is poorly represented in extracts of N. plumbaginifolia protoplasts infected with cloned D N A 1 . The pCLV. CPA 11 progeny scDNA has a higher mobility than scDNA extracted from plants infected with full-length D N A 1 (lane 7) and no product comigrating with the latter is apparent in the protoplast extracts up to 6 days post-inoculation. In addition, linearized scDNA comigrates with the pCLV. CPA 11 insert. The results indicate that pCLV. CPA 11 is competent for replication in its deleted form.
DISCUSSION
We have demonstrated that sequences across the coat protein gene of ACMV, from n ucleotide 224, located just downstream of the common region, to nucleotide 1194, located at the extreme carboxy terminus of the coat protein coding region, are not essential for viral D N A spread or symptom production. In addition to the coat protein coding sequences, this region includes the 13.1K ORF that overlaps the 3' terminus of the coat protein ORF (Fig. 1) as well as three overlapping extended ORFs located on the complementary DNA strand (Stanley & Gay, 1983) , all of which are dispensable.
Characterization of mutant progeny by sequence analysis has demonstrated that the 76 bp deletion within pCHI001 is maintained during systemic spread of the viral DNA . Here, we demonstrate that larger deletions are not tolerated during infection, but instead the size of the mutant is restored in vivo to approximately that of the native component. This is somewhat surprising since we have demonstrated that one such infectious mutant, pCLV. CPA 11, is competent for replication in N. tabacum protoplasts in its deleted form, suggesting that spread of the mutants is in some way impeded. This behaviour in plants contrasts with recent reports which clearly demonstrate that extensive deletions within the TGMV coat protein gene are maintained during spread of the viral DNA within the same host N. benthamiana Hayes et al., 1988b) . It is possible that the different behaviour is due to fundamental differences between ACMV and TGMV. Alternatively, it may reflect the inoculation procedures adopted to introduce the viral DNA into the plants. Both ACMV components were introduced as linear dsDNA into lightly abraded leaves, the inoculum presumably predominantly entering cells of the epidermis and mesophyll. Cell-to-cell spread from the primary infected cells into the vascular system, which from a comparison of the mechanical transmission data of ACMV and beet curly top virus has been suggested to be under the control of a DNA 2 gene product(s) , might accordingly be sizerestricted. In contrast, TGMV DNA A (equivalent to ACMV DNA 1) and its mutants were introduced by agroinoculation of greater than unit length copies in an Agrobacterium binary vector. The Agrobacterium culture was either applied to the stems of seedlings from which the shoot tips had been excised or injected into the base of the stem (Hayes et al., 1988b) . It is considered likely that these inoculating procedures bypass the proposed sizelimiting step encountered by the ACMV mutants during cell-to-cell spread by introducing the deletion mutant directly into the vascular system, from where long distance spread is envisaged to occur irrespective of size. The possibility that TGMV mutants in their deleted form are unable to spread efficiently from the vascular system back into other leaf tisues in which the virus is normally found (Rushing et al., 1987) might contribute to symptom attenuation in these instances. It might be significant that the deletion coordinates of the TGMV mutants most closely resemble those of ACMV mutant pET012 (Ward et al., 1988) which has only a latent potential for infection. It will be of interest to test TGMV mutants, analogous to the infectious ACMV mutants described here, for stability and symptom severity under conditions of agroinoculation.
Deletion mutants pCLV.CPA8 to A10 appear to be non-infectious. This is perhaps not surprising for pCLV. CPA 8 as the deletion extends across the convergent carboxy termini of the coat protein and 15.8K ORFs, presumably serving to disrupt the expression of essential complementary-sense genes. However, as pCLV.CPA9 and A10 contain deletions that are completely overlapped by those of the infectious mutants pCLV. CPA 11 and A12, there appears to be no simple correlation between deletion size and infectivity. Although the possibility remains that essential regions have elsewhere been disrupted during the construction of these mutants, other non-infectious coat protein deletion mutants of ACMV have recently been described that have retained the potential for infection (pET012, Ward et al., 1988; pJS172, Etessami et al., 1988 ; see also Table 1 ); in both cases, infectivity could be restored by replacing the deleted sequences with DNA fragments that served to re-establish the size of the genomic component, demonstrating a size requirement for some aspect of virus proliferation. The reason that some deletion mutants are infectious while others remain latent possibly reflects their propensity to undergo size reversion.
To investigate the mechanism of size reversion, viral DNA was cloned from scDNA extracted from leaf material systemically infected with mutant pCLV.CPAll. Clones pCLV053 and pCLV055 (and its closely related clone pCLV056), selected for further analysis, contained inserts of size and composition consistent with their origins in each of the two populations of slightly different sized molecules that comprise the scDNA. In both cases, additional nucleotides adjacent to the BamHI cloning site have been removed during the infection process, possibly as a result of exonuclease activity on the linear dsDNA inoculum or alternatively during recombination as discussed below. The fact that the pCLV. CPA 11 progeny scDNA shown in Fig. 2 (b) had retained the BamHI site demonstrates that such deletion does not always occur. The size of the DNA 1 insert in pCLV053 has been restored by intermolecular recombination with DNA 2. This is not without precedent as recombination between the genomic components, involving the common region and short (5 to 11 bp) homologous sequences, has been observed for the removal of non-geminiviral sequences from the intergenic region of ACMV DNA 2 . For pCLV053, the homologous sequences are limited to a dinucleotide located at the upstream recombination point. However, as this dinucleotide at the 5' terminus of the inserted DNA 2 fragment comprises part of the PstI(245) site at which the genomic component was originally cloned, the association between DNAs 1 and 2 might have occurred as linearized dsDNA within the inoculum, subsequent to exonuclease activity.
Size reversion of the DNA inserts in pCLV055 and pCLV056 has been accomplished by generation of an extensive tandem repeat (Fig. 4) , produced by any one of a number of illegitimate recombination mechanisms that involve errors either in DNA replication or the breaking and joining activities of topoisomerases (Ikeda et al., 1980; Bullock et al., 1985) . However, the 5' terminus of the repeat is located within the nanonucleotide TAATATTAC (nucleotides 146 to 154) which is found in all geminiviral DNAs examined to date, located within an inverted repeat sequence (nucleotides 133 to 143, 155 to 165) within the common region of ACMV and is considered a prime candidate for an origin of replication. Homologies have been noted between the nanonucleotide and the cleavage site of the gene A protein of the ssDNA bacteriophage q~X174 (Rogers et al., 1986) ; this gene product nicks the dsDNA replicative form and binds covalently to the generated 5' terminus before rolling circle replication (Heidekamp et al., 1982) . Origin-nicking enzymes are known to mediate illegitimate recombination during rolling circle replication in the ssDNA bacteriophages fl, fd and M13 (Horiuchi et al., 1978 ; Schaller, 1978 ; Michel & Ehrlich, 1986 a) , whereby the nucleotide located immediately downstream of the nick comprises one deletion endpoint. Nicking at the replication origin has also been implicated in locating one deletion endpoint in bacterial plasmid pC194 , itself believed to replicate via an ssDNA intermediate (te Riele et al., 1986 a, b) . By analogy, we suggest that one border of the repeat sequence in pCLV055 and pCLV056 has been defined by nicking the virion-sense strand somewhere between nucleotides 152 and 155 during the initiation of replication before asymmetric virion-sense strand displacement.
Demonstration that significant stretches of the intergenic region of DNA 2 are not essential for virus proliferation has prompted the suggestion that such sequences serve only to maintain a component size suitable for encapsidation . The data presented here indicate that even in the absence of packaging constraints there is a relatively specific size requirement for DNA 1 in order that it may spread. Although the results give some indication as to how this is achieved, the underlying reason for this intriguing behaviour, which suggests additional physical constraints imposed on the DNA, remains unclear and is the subject of current investigation.
